












1. Introdnction 

This paper examines some of the problems that are posed in landing an 
instrumented package on the moon. The basic reauirement is to put down 
this payload, in one piece, using a minimum of initial vehicle mass in the 
process. Very approximately, a thousand pounds of earth launching vehicle 
mass are needed for each pound required by the moon landing vehicle. 
Because of its importance in this application a considerable part of the 
paper is devoted to outlining an optimisation procedure that will ensure 
that thrust levels, and other propulsion parameters do in fact result in 
a minimum vehicle. 

As there are no other papers specifically on the problem of soft 
moon landings, a certain amount of space has been devoted to earth/moon 
trajectories, and also various approach and landing techniques. Nevertheless, 
the main intention has been to look at this problem from the propulsion 
aspect. To this end much has had to be omitted, and many problems simplified 
or ignored. In particular no examination has been made of either the earth 
launching vehicle, or the earth-moon carrier. Very little thought has been 
given to the problem of guidance and control. The author has not philosophised 
upon the possible contents of the instrumented package. 

The optimisation procedure presented has been farmed to permit the 
assessment of both solid and liquid propellant units in order to determine 
their efficiency in meeting the specification. Six liquid propellant 
combinations have been considered. Scaling rules have been derived in 
order to permit assessment of the relative merits of pressurisation and 
turbo pumps, the selection of optimum tank, and combustion chamber pressures, 
expansion ratios, etc. In some instances engineering detail has been 
considered to clarify particular points, but this paper is not intended 
as a design study. At a nuMber of points, where insufficient data has been 
found, or where a problem has been intransigent, "bulldozer" methods have 
been applied. 

2. Trajectories  

The minimum energy manoeuvre converting a circular orbit at 500 miles 
above the earth into an ellipse with an apogee just at moon radius is 
extremely susceptible to errors of velocity and direction. Following the 
work carried out at Douglas (Ref. 1) a trajectory has been selected using 
about 1% excess energy which is much less touchy on errors. Figure 1 gives 
the basic details of such a trajectory. 

Such a trajectory and velocity will result in the landing vehicle 
possessing an energy height very close to infinity -aith respect to the 
moon. It is nom proposed to examine some possible moon approach and landing 
techniques. Broadly speaking, the moon may be approached in two manners -
hit or miss. 

Energy height is the sum of potential and kinetic energies expressed 
in terms of height units. Energy height equals real height at any instant 
then a body is at rest with respect to the gravitational centre. 












































































